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© An improved breast pump assembly, including a manually operable breast pump that can bo used in a 
manual mode by hand-driving the breast pump, provides a motor drive unit which is adapted to receive and hold 
the manually operable piston pump of the breast pump, with a pump drive for reciprocating the piston rod of the 
piston pump in substantially the same stroke as would occur in optimum manual driving of the breast pump. 
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Improved breast pump assembly having motor drive for use with manual piston pump 

FIELD OF THE INV ENTION 

This invention relates generally to breastmilk pumps, and particularly to breast pumps for use in the 
expression of mothers' milk which include a manually driven pump mechanism, such as a piston pump. 



BACKGROUND OF THE INVENTION 

Pumps used to extract or express, mothers* milk are well known. Breastmilk pumps are adapted to 
massage the breast to relieve it of its contents of milk, such as for storage in a container for later use by an 
infant. 

Breast pumps typically come in two types: those that are driven off of a motor, and those that are 
driven by hand, that is. manual pumps (although Applicant's assignee. Medela, Inc.. markets a MANUALEC- 
TRIC pump which is capable of use either as a manual pump or can be adapted for use with a motor drive. 
See Applicant's co-pending application U.S. Serial No. 07/053.055 tiled May 22. 1087). Typically, these 
breast pumps include a funnel-shaped rigid hood which is emplaceable over the nipple and a substantial 
portion of the breast. A reduced pressure or vacuum is then intermittently generated within the hood to 
create a suction which draws the nipple and adjacent breast further into the narrower portion of the hood. 
This pulling action both massages and constricts the breast in a manner reminiscent of suckling, resulting in 
the expression of milk into the funnel opening of the hood. The milk then typically flows into a collecting 
chamber or container for storage for later use. or disposal. 

The means generally used for generating the intermittent suction within the hood in a manually driven 
pump is a compressible bulb, or preferably a pneumatic piston pump. The latter commonly would include a 
piston cylinder that is .-»nnected to the hood, with a piston mounted for reciprocating movement within the 
piston cylinder, such as under the driving action of a hand-driven piston rod connected at one end to the 
piston, with the other end extending out of the rear of the piston cylinder. Further details regarding a breast 
pump with such a manually driven piston pump can be gleaned from the aforementioned U.S. Patent 
Appication Serial No 07TJ53.055. 



SUMMARY OF THE INVENTION 

The manually driven breast pump described above has many advantages, such as its relatively 
compact nature and its operabtlity without an electric power source, enabling it to be readily transported 
and used anywhere. There are times, however, where transportation of the breast pump and power- 
retirements are not significant factors, such as in the home or in a hospital environment, for two examples. 
In those instances, it can be desirable to have a motor driven breast pump to dispense with the need to 
manually drive the breast pump. It is accordingly a primary objective of the present invention to provide an 
improved breast pump assembly which includes such a manually operable breast pump, with a motor drive 
unit adapted to mechanically drive the otherwise hand-drivabte pump to effect the expression of mothers 
mile. 

More particularly, the present invention co m prises an improved breast pump assembly incluolng a 
manually operable breast pump having a rtano^drivabie piston rrfiich is received for reciprocating movement 
in a p iston cylinder. As previously noted, the reciprocating action of the piston generates a periodic suction 
within the breast-hood emplaced over a breast to thereby express milk. A motor drive unit is adapted to 
receive and hold the manually operable breast pump. The drive unit includes a motor and related driving 
mechanism for driving the piston pump. 

-In the embodiment of the invention described herein, the piston pump portion of the breast pump 
assembly is attached to the casing of the drive unit with an adaptor that fits over the forward end of the 
piston cylinder. The piston rod is received within a U-shaped resilient gripping member, or damp, on one 
end of an arm. The other end of the arm is pfvotably attached to the casing, and is connected to a 
mechanism which cyclically turns the arm through an arc to thereby effect the reciprocating movement of 
the piston rod as if it were being driven by hand. An electric motor is connected to the arm turning 
mechanism to drive the latter. 

The motor drive unit is constructed to provide a suction stroke of the piston pump which substantially 
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reproduces the same stroke as optimum manual driving of the breast pump would do. Such an optimum 
stroke is presently considered to be a suction generated in the range of about a maximum of at least 100 to 
preferably about 250 mmHg. over a stroke rate of about 50-60 cycles per minute. 

The present invention achieves the indicated objective of providing a motor drive unit for use with an 

« otherwise manually drivabte piston pump of a breast pump. Virtually no adaptation of the manual breast 
pump is required, other than attaching its piston pump to the motor drive unit adaptor. The inventive breast 
pump assembly can be readily interchanged between manual and motor driven modes. Other benefits 
include the ability to provide a kit to a number of usars in a hospital, for example, with a manual pump 
supplied to each us«r. A single motor drive unit can then be us9d with a number of users without any 

to unhygienic risks. 

In this regard, the hygienic aspect of the invention can be further highlighted. Prior art motor driven 
pumps used only by even a single user face a problem of bacteriologic contamination. Overflow protection 
is necessary to prevent milk from entering the pump air line. Even so. contaminated air can still enter the 
pump air fine. This risk of contamination to the motor air line is completely eliminated by the present 
is invention, since the motor drive mechanism has no internal air line to be contaminated - it simply 
mechanically drives the manual piston pump, and no fluid passes between the breast pump and the drive 
mechanism. 

Further details concerning the invention and its advantages can be obtained from the following detailed 
description of an embodiment of the invention, taken in conjunction with the accompanying drawings, in 
20 which: 



BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. 1 is a perspective view showing an improved breast pump assembly made in accordance with 

the present invention; 

FIG. 2 shows the breast pump of FIG. 1 set up for manual operation of the breast pump; 

FIG. 3 is an enlarged sectional view taken along line 3-3 of RG. 1 detailing the attachment of the 
piston pump to the motor drive unit 
so RG. 3A is an eievationai view of the attachment of the forward end of the piston pump to the motor 

drive unit; 

RG. 4 is an enlarged sectional view taken along line 4-4 of RG. 1 detailing the breast-hood 
assembly; 

RG. 5 is a view taken through the back of the motor drive unit (relative to RG. 1) partially broken 
35 away for detail of the drive mechanism; 

RG. 5A is a full-scale eievationai view of the driving cam: and 
RS. 6 is an enlarged view taken along fine 6-6 of RG. 5. 



40 DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION 



General Organization And Operation 

45 

The improved breast pump assembly ftustrated herein includes two principal components. One Is a 
manually operable breast pump, which is shown set up f cr manual operation in RG. 2. The breast pump 
has a breast-hood assembly 10 and a hand-drivable piston Dump 1 1 which connects to the breast-hood 
assembly in a manner which will be d e sc ribed in more detail hereafter. A container for the collection of 
so breast milk, such as a bottle 12, is attached to the lower portion of the breast-hood assembly 10. 

The other principal component of the improved breast pump assembly is the motor drive unit 15 (e.g.. 
FIGS. 1 and 5). The motor drive unit 15 is adapted to receive and hold the piston pump 11 when detached 
from the breast hood assembly 10. and to mechanically drive the piston pump 11. To this end. the motor 
drive unit 15 has an adaptor 16 which is attachable to a casing 17 of the drive unit (FIGS. 1. 3 and 3A). A 
55 piston cylinder 18 of trie piston pump 11 is received in the adaptor 16. Piston rod 19 of the piston pump 11 
is roieasabty held at one end of an arm 20. which is mounted at its other end to the casing 17. 

A motor driven mechanism is provided tor cycficaliy turning the arm 20 through an arc to effect the 
reciprocating movement of the piston rod 19 and a piston 21 in a manner substantiady sknilar to that of 
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manually driving the piston rod 19. This drive mechanism will be described in more detail hereinafter, as 
will other aspects of this embodiment. A length of tubing 22 interconnects the adaptor 16 with the breast 
hood assembly 10 to communicate the negative pressure generated in the rearward stroke of the piston 
pump 11 for suction in the breast-hood assembly 10. 

5 

The Manual Breast Pump 



70 The manually operable breast pump shown herein, and generally comprised of hood-assembly 10 and 
piston pump 11. is substantially the same as that shown in the aforementioned co-pending U.S. Patent 
Application Serial No. 074)53.055 which is incorporated herein by reference. Briefly, that breast pump has a 
hood body or hood member having two ends. The *>st end 23a has a substantially wide cross-section 
(diameter), and is funnel-shaped. A second end 23b of the hood member constitutes a generally cylindrical 

ts extension of the funnel, and has a cross-section substantially narrower than the cross-section of the end 
23a. The second end 23b communicates with a collecting or catch chamber 24 defined by a tubular 
extension 24a, and with a vacuum passage 25. 

The vacuum passage 25 also communicates with a vacuum line 26. which in this embodiment is 
defined by a short tubular extension or collar 50. A depending separation wall 27 forms a baffle between the 

20 end of the funnel potion 23b and the vacuum tine 26. with the bottom of the separation wall 27 below the 
level of the vacuum line 26. MiJk expressed into the hood member is thus blocked by the separation wall 27 
from thereby entering the vacuum fine 26. 

At the lower portion of the collecting chamber 24 is a valve mechanism 28. The valve mechanism 28 
uses a disk-member 29 as the vaJving member, with the disk 29 captured within a tubular-shape valve 

2S housing 30. When the breast pump is operated, the disk 29 is caused to move upwardly under vacuum 
where it contacts and seats against the bottom edge or lip of the tubular extension 24a forming the chamber 
24. thus closing the collecting chamber 24. When the vacuum is released, the disk 29 drops free from the 
foregoing seat allowing milk collected in the collecting chamber 24 to flow downwardly into the container 
12. The valve mechanism 28 is attached to the outside of the tubular extension 24a via a snug interference 

oo attachment. 

The manually driven piston pump 11 (FIGS. 2 and 3) is connected to the breast-hood assembly 10 by 
connecting sleeve 31 (FIG. 4). Connecting sleeve 31 is internally screw-threaded, with the threads matched 
to the screw threads 32 formed on the forward end of the piston cylinder 18 (FIG. 3). The toward end of the 
piston cylinder 18 butts against a shoulder formed on the interior of the connecting slee. 3i in a 

35 substantially air-tight fit An aperture 35 is termed in the wall of the piston cylinder 18 at a point which 
corresponds to what is presently considered to be the maximum desired vacuum pressure to be reached on 
an average stroke of the piston pump 11. Once the head of the piston 21 passes beyond this apertute 35 in 
its vacuum-inducing stroke, the vacuum produced is automatically released. 

An adjustment mechanism for varying the amount of vacuum generated during pumping is also 

40 provided. This is represented in the lustrations by a ring 41 carried on the piston cylinder 18 adjacent its 
forward end. which overlies a pair of holes (not shown) through the cylinder 18. An interior chamber or 
channel (also not shown) is formed in the inside of the ring 41. The channel formed in the ring 41 has one 
or more openings that are opened to atmosphere. The ring 41 is preferably made out of a flexible or semi- 
flexible rubber-like material that enables a good seal to be maintained between the ring 41 and the piston 

49 cylinder 18. 

The ring 41 is rotated on the piston cyfinder 18 to positions indicated as "Maximum." "Medium", and 
"Minimum* vacuum (see RG. 3A). The range of vacuum is dependent upon the hole or holes in the 
cylinder 18 which fall within the area of the channel in the ring 41 when the ring is rotated. Again, further 
detail concerning the construction and operation of the vacuum adjusting ring 41 . as well as of the breast 

so pump in general, can be ob ta i n ed from co-pending patent application Serial No. 07/053.055. 

An adaptation to the breast pump de scrib ed in the aforementioned patent application Serial No. 
07/053X155 takes the form herein of a tubular extension or collar 50 formed in the upper part of the vacuum 
passage 25. A tubular connected 51 has one end 51a that is received in the collar 50 in a snug fit The 
other end 51b of the connector fits wflhtn one end ot the tubing 22 in a snug fit There is a slight radially 

99 extendin g shoulder 51c formed on the connector 51 which serves as an end stop for the tubing 22. It may 
be noted that this ar r an gement for connec tin g the tubing 22 to the vacuum passage 25 has advantages over 
the type of adapter usee for an electric pump described in U.S. Serial No. 07O53.055. in that the 
connection of the tubing 22 is Osecfly into the vacuum passage 25. While this direct connection is 
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considered of increased advantage, the present invention can nevertheless be used successfully with the 
type of pump adapter shown in U.S. Serial No. 07053.055. without any need to modify the breast-hood 
assembly shown therein. 

The Motor Drive Unit 



Referring to FIG. 3. it is of course clear that there is no modification required whatever to the piston 
io pump 1 1 shown in U.S. Serial No. 07/053.055 for use in the present breast pump a^mbly. Piston cylinder 
18 has its forward end screw threaded (at 32) for attachment to the connecting sleeve 31 of the hood 
assembly 10 for use in the manually driven mode. When it is desiied to mechanically drive the piston pump 
n . the adapter 16 is used. 

Adapter 16 has cap portion 52 which is match-threaded for substan ally a«rtight attachment to the 
T5 piston cylinder 18. Inside of the cap 52 (FIG. 3) is a small chamber 53 which communicates with ihe interior 
of the cap 52. and therefore also with the piston chamber. Extending off of the chamber 53 is a mpp4e-kke 
outlet 54. Outlet 54 is sized to be received withm the other end of the tubing 22. 

The adaptor 16 has a rounded-off sidewan 55 which extends from the cap 52, and whtcn grvos the 
adaptor 16 t more pleasing appearanro. A no<Jow post 56 is received withm a post nolo 57 <s*e FKS. 5) to 
20 mount the adaptor to me casing 17. The adaptc 16 is additionally fixed in place on the casing 17 through 
use of s flange 58 (FIG. 3A) extending from stdewall 55. With the post 56 fully inserted within the post hoie 
57. adaptor 16 can be rotated clockwise so that a portion of flange 58 slides into an enlarged slot 59 formed 
m the casing 17. Post 56 is secured in the post hole 57 in this manner tor a firm connection of the adaptor 
16 to the casing 17. 

*s With particular reference to FIGS. 1 and 3. p»ston rod 19 is received within a resilient U-shaped silicone 
grip or clamp 64 which is sized smaller than a necked-m portion 19a of piston rod 19. The prston rod 
necked-in portion 19a is forced into the resilient grip 64. which in turn tightly holds the piston rod to the arm 
20 The grip 64 is pivotally attached to the U-shaped end of the arm (FIG. 3) through the use of a pair of 
opposed bosses 65 that are receded in corresponding holes 66 formed in opposed lateral sides of the grip 

30 64. 

The arm 20 has an I-beam type construction tor strength and light weight. The lower end of the arm 20 
•s^ pivotally attached to the casing 17 via an elongated post 70 that extends through a hole 67 in the casing 
1 7. The post 70 is fixed to the arm 20. and ts mutably mounted m a pair of tubular supports 68 formed on 
the casing floor. Also fixedly mounted to the post 70 is an interior arm 71. 
3$ Interior arm 71 has a hard smooth bearing 73 mounted ai its free upper end to bear against the outside 
edge of eccentric or cam 74. A metal rod 7S is attached at one end to the arm 71 via a pin 76 inserted 
radially through a hole in me rod 75. and received m a pair of opposed pin end receptacles 77 (V-shaped 
slots). 

A spring 78 is mounted concentric with rod 75. One eno of the spring 73 is received on a button 83. 

40 which m turn fits within an opening provided in an inwardly extending flange 60. Flange 60 is turned from a 
metal mounting plate 61. Mounting plate 6i also carries the electrical connections for the drive mechanism, 
shown schematically at 62 The other end of me spring 78 bears against a disk 63 fixed to the free end of 
the rod 75 The spring 78 ts loaded in this tasnon to bias the arm 7 1 into constant engagement with the 
side eoge of cam 74 (via bearing surface 73). 

«s As best seen in FIG. 5A. cam 74 is eccentric, as previously noted, and has an edge surface 74a 
designed to impan movement to interior arm 7t to drive arm 20 in the desired pumping cycle. Cam 74 is 
mounted to the shaft 79 of a sprocket 80 (FIG. 5). Cam 74 thus turns with the sprocket 80. Sprocket 60 is 
turned by a toothed dnved belt 81 which is dnven off of a reducing gear 82 mounted on a dnve shaft 84. A 
wheel 85 is also mounted on drive shaft 84. and has a smooth surface on which smooth drive belt 86 is 

so received. 

Drive belt 86 is in turn connected to a smooth small cylinder 88 which is fixed to drive a shaft <*9 of a 
suitable drive motor 90. Motor 90 is turned on and off with toggle switch 9i. A power cord 92 connects the 
motor to a power source A suitable drive motor has been found by applicant to be a 12 v. dc. type motor 
for a battery driven power source, or an a.c type motor for a motor operated off of residential current 

55 M10v). 

The particular type of motor for driving the arm 20 is not considered to be of any particular significance 
m and of itself to the operation of the invention, so long as it is sufficient for the foregoing purposes. Further 
detail concerning the size of elements, mounting, materials, electrical connections and the like for tne drive 
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mechanism have also bean omitted as falling well within the skill of those in the art particularly in view of 

additional detail shown in the drawi n gs. 

The drive mechanism should serve to reciprocate the piston pump 11 in a manner substantially the 

same as what is considered to be the optimum manual pumping cycle. Such an optimum cycle is 
s considered at present to be a suction stroke which generates a maximum suction in the breast-hood in a 

range of about 250 mmHg at the top end. to no less then about 100 mmHg at the lower end. More suction 

than about 250 mmHg cock: result in discomfort or injury, and less than about 100 mmHg may not effect 

efficient milk expression. A ruction stroke of approximately 50-60 cycles/min. is also considered desirable 

with 50 cycles/min. prese.-iiy preferred. 
10 The preferred optimum cycle is illustrated below. It is designed to duplicate the same suction pattern as 

a suckling baby - a regular, rhythmic series of cycles each consisting of suction, release and relaxation. 




The surface 74a of cam 74 is designed to reproduce this optimum cycle in driving the arm 71. The 
mechanism used to obtain this optimum stroke and suction may obviously vary with the type of piston 
pump and hood assembly being utilized, with the mechanism described herein being particularly adapted 
for u*e with the piston pump and breast hood described. 

30 Casing 17 encloses the drive mechanism and serves as a mount for the various elements of the drive 
mechanism. The casing 17 further includes a handy carrying handle 95. Vents 96 provide air inlets for a 
cooling fan (not shown) associated with the motor 90. A well 98 is also formed in the top of the casing 17. 
within which the bottle 12 can be temporarily held for convenience. 

Thus, while the invention has been described with reference to a particular embodiment those having 

35 skill m the art will recognize modifications of elements and structure which may facilitate the application of 
the invention, but which still will fail within the scope of the invention. 



Claims 

40 

1. An improved breast pump assembly including a manually operable breast pump having a hand- 
drivabie piston received for reciprocating movement within a chamber of a piston cylinder to generate, in 
use. a periodic suction within a breast-hood empiaced on a breast to effect the expression of mother's milk, 
wherem the improvement composes: 

<s a motor drive unit adapted to receive and hold said manually operable breast pump, said drive unit having 
means for driving the breast pump piston for reciprocating movement in the piston chamber. 

2. The improved breast pump assembly of claim 1 wherein the piston cylinder has a forward and a 
rearward end. the forward end being connectabJe to a breast-hood assembly including the breast hood to 
generate suction in the breast hood through movement of the piston in the piston cylinder, the piston having 

so a piston rod connected thereto, which piston rod extends out of the rearward end of the piston cylinder, 
said motor drive unit including a casing. 

means mounted on said casing for reieasably receiving and holding the forward end of the piston cylinder, 
an arm having first and second ends, said first arm end having means thereon for re leasable receiving and 
holding the piston rod. said second arm end being connected to means for turning said arm through an arc 
55 in a reciprocating fashion to effect reciprocating movement of the piston rod to drive the piston, and 
a motor connected to said arm turning means to drivo the latter. 
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so 



ciJ^j^t^^ aSSemWy * Claim 2 Wherein sucfo " stroke of the piston within the 

rr.^^^^ ,s to ^ substantia,,y - — — - — — 

- unit^oJ^TT 0 * 1 ***** ^ * SSembly °» 3 suction stroke effected by said drive 

s^rZ^rlTr^^STl^ ^ ^ in 3 range of about ,«, to abc^ 250 mmHg. af a 
suction stroke rats of about 5040 cyctes/min. 

hoidL 1 ^ iZT!l ,,re ^L P ^!lf ^ 8mWy 01 etahn 2 Wherein ■»* «•■» ** ««easable receivng and 
f^^"J*f? ^ ^ «^ °» ^ «™ « a U-shaped resilient gnpping member caniedo^ said 

-o ^^^^^^^^^^ 
6. The improved breast pump assembly of daim 2 wherein the forward end of the piston cyfinder is 
s^w^aoed for reteasabie substantially airtight attachment to a match-threaded porfonTthIT£^ 
^fn^°tl. mOUnted °° **• C8Sin0 ^ rBleasabty «*cei««9 and holding the forward end of the 
is f^^^ C °T^„" n adaptor 8 «* P^o" -hich is match-threaded to the piston chamber 

TZ SUbSta T' y ""^ hereon, an air channel formed in the cap though wh*h*r 

Z^IHZ ™ *" to «* air channe, to which an air tube canoe com^teTa^ a 

post formed on said cap which is received in a post-hole formed in said casing 

exter^J^.^ ) ?^L P r P ^ SSemb,y 01 d3im 6 Wh0reln 53X3 "^P** Eludes a flange 

*> pSS? wSTilTiH nT 1 C3P - SaidCasin9furthef inc, «*"9 a ««<* «°«"* therein adjacent 
ca2£ ^* ' S TOtataWy r0C8,ved to «»teasably fix said adaptor in place on said 

***** '° r K ,? teaSab,y "W*". to a casing the forward end of a piston cylinder which is serew- 
«»o*fedJor reteasabte attachment to a match-threaded portion of a breast-hood assembly of a o^st 
pump, said adaptor comprising: 

85 men^T ti0n ^ * mateh - ,hrea<ted to the piston cylinder forward end for substantially airtight attachment 

an" o^£ ~ iTl* °T Ca L mro ° 9h WhiCh * r P 38888 into ■» Piton chamber of the piston cylinder, 
an outlet to said air channel to which an air tube can be connected and 
a post formed on said cap which is received in a post-hole of an adaptor mount 
X of U^J^fTJ^ 8 Wh6rein ^ adaptt)f further includes a "ange extending laterally from a side 
tiT^LTl^^T'^" 9 3 Si0t ,ormed merein a<«acent said post-hole within which slot 
said flanga is rotatably recewed to reteasably fix said adaptor in place on said mount 

n,JAL. m ° t0f J^""" 3dapted to dnve 3 f^ast pump assembly including a manually operable breast 
* SZJTT. "iT"?^ P^"P -«h a piston received for reciprocating movemem wrtETa 

Zl?2? 10 ° enerate - use - 3 suction within a breasj-hood emplaced on a 

btaastto effect Jhe express**, of mother's milk, the piston cylinder having a forward end and a rearward 
enflL the forward end being connectable to a breast-hood assembly including the breast-hood to Generate 
"-"Wood through rearward movement of the piston in the piston cyUnZ^piSonl^ 

„ l^^ZTZl T' PiSt °° extends °«to'the rearward end of the pi«on cyfinder' 
*° wnerein said motor drive unit comprises: 
a casing. 

means for receiving and holding the piston pump on said casing and 
means for driving the p.ston rod for reciprocating movement in the p«ton chamber 
. .hJ,L^" TT drh *. °' CWm 10 whefein ^ suction stroke of the piston within the chamber 
oiTtZZ, S a tf" ed 10 the same stroke as optimum manual drivTg 

abo^5^cSZ,l a fan0e 8 maX " nUm ° f * 0Mt ,0 ° *° * b0Ul 250 mmH 9' * 3 «rote rate of 

cam'Sav^ T^HHT "V TZlT ***** said piston rod driving means includes a rotating eccentric 

ha^noTL^ i*" :**•• 8 ** which is connected to. seoWlever arm 

o^n^Tln^ ^° P T^J WS - Cammi °° SUrfaC8 »«" *** fi «t and second arms 

producing an optimum stroke cycle as follows: 



56 
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13. A motor drive unit adapted to drive a breast pump assembly including a manually operable breast 
pump having a hand-drivable piston received for reciprocating movement within a chamber of a piston 
cylinder to generate, in use. a periodic suction within a breast-hood em placed on a breast to effect the 
expression of mother's milk, the piston cylinder having a forward end a rearward end. the forward end being 
connectabte to a breast-hood assembly including the breast-hood to generate suction in the the breast-hood 
through rearward movement of the piston in the piston cylinder, the piston having a piston rod connected 
thereto, which piston rod extends out of the rearward end of the piston cylinder, wherein said motor drive 
unit comprises: 

a casing. 

an adaptor having a cap portion which is match-threaded to the piston cylinder forward end for attachment 
thereon, an air channel being formed in the cap through which air passes into the piston cnamber with an 
outlet to said air chamber to which an air tube can be connected, and a post formed on said cap which is 
received in a post-hole formed in said casing. 

an arm having first and second ends, said first arm end having means for reieasably receiving and holding 
the piston rod. said second arm end being pivotally attached to said casing and connected to means for 
turning said arm through an arc in a reciprocating fashion to effect reciprocating movement of the piston rod 
to drive the piston, and 

a motor connected to said arm turning means to drive the latter. 

14. The motor drive unit of claim 13 wherein said arm turning means includes a rotating eccentric cam 
having a camming surface which drives a 'ever arm which is connected to said arm haying means for 
holding the piston rod. said camming surf a . with said arms, producing an optimum stroke cycle as 
follows: 
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